A Gram-staining-positive, endospore-forming rod was isolated independently from clinical specimens in New York State, USA, once in 2009 and twice in 2011. The three isolates had identical 16S rRNA gene sequences and, based on their 16S rRNA gene sequence, are most closely related to the type strains of Laceyella sediminis and L. sacchari (94.6 % similarity). The partial 23S rRNA gene sequences of the three strains were also 100 % identical. Maximumlikelihood phylogenetic analysis suggests that the new isolates belong to the family Thermoactinomycetaceae. Additional biochemical and phenotypic characteristics of the strains support the family designation and suggest that the three isolates represent a single species. In each of the strains, the predominant menaquinone is MK-7, the diagnostic diamino acid is mesodiaminopimelic acid and the major cellular fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 13 : 0 . The polar lipids are phosphatidylglycerol, diphosphatidylglycerol, phosphatidylethanolamine, four unknown phospholipids, four unknown aminophospholipids and an unknown lipid. It is proposed that the novel isolates represent a single novel species within a new genus, for which the name Hazenella coriacea gen. nov., sp. nov. is proposed. The type strain of Hazenella coriacea is strain 23436 T (5DSM 45707 T 5LMG 27204 T ).
The Wadsworth Center Bacteriology Laboratory, New York, USA, received an isolate from human blood in September 2009 and determined that the isolate was most closely related to the type strains of Laceyella sediminis (Chen et al., 2012) and L. sacchari (Yoon et al., 2005) based on 16S rRNA gene sequence analysis (94.6 % similarity). The four species of Laceyella were reclassified from the genus Thermoactinomyces, along with a single species of each of the genera Thermoflavimicrobium and Seinonella (Yoon et al., 2005) . The four genera reside in a distinct clade that also harbours the proposed new genus Hazenella (Fig. 1) . The strain, 6076, was isolated in Westchester County, NY, from a patient who resides in Denver, CO, USA. In 2011, the laboratory received two additional isolates (1335 and 23436 T ) from patients residing in New York State that shared 100 % 16S rRNA gene sequence identity to strain 6076. In this study, we used a polyphasic approach to characterize the three isolates in a single species within the novel genus Hazenella gen. nov.
For cellular fatty acid (CFA) studies, strains were grown aerobically at 37 u C in trypticase soy broth (TSB). Strain 23436 T was selected as the type strain and was deposited at the Leibniz-Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH (DSMZ) and the Belgian Coordinated Collections of Microorganisms/ Laboratorium voor Microbiologie (BCCM/LMG) stock centres (Table 1) .
Previously described methods were used to amplify and sequence the nearly full-length 16S rRNA gene (1426 nt) of the three isolates (Wolfgang et al., 2011) . The sequence of each of the three isolates contained four identical polymorphic sites at conserved locations (nucleotide positions 101, 151, 585 and 1073) and had 100 % similarity. Identification of phylogenetic neighbours was initially carried out by the BLASTN program (Altschul et al., 1997) against the database containing type strains of prokaryote species with validly published names (Kim et al., 2012) . The top 100 sequences with the highest scores were then selected for the calculation of pairwise sequence similarity using the global alignment algorithm (Myers & Miller, 1988) which was implemented at the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012 (Chen et al., 2012) and L. sacchari KCTC 9790 T (AF138737) (Yoon et al., 2005) were the closest matches, sharing 94.6 % 16S rRNA gene sequence similarity to strain 23436
T . The analysis also demonstrated 94.5 % similarity to Laceyella tengchongensis YIM 10002
T (Zhang et al., 2010) .
Analysis of the closest phylogenetic neighbours returned by EzTaxon indicated that the isolates resided in the order Bacillales and the family Thermoactinomycetaceae. A maximum-likelihood phylogenetic analysis of our three isolates was undertaken using nearly full-length 16S rRNA gene sequences. This analysis included all species with validly published names from the family Thermoactinomycetaceae and 21 type species for the most closely related genera of the Bacillales. The sequences were aligned using the CLUSTAL W utility in MEGA 4.0.2 (Tamura et al., 2007) . Gblocks version 0.91b was used to remove poorly aligned positions and divergent regions (default setting were used except that minimum length of a block was set to 5) (Talavera & Castresana, 2007) and the resulting alignment exported to PhyML 3.0 (Guindon & Gascuel, 2003 ). An unrooted maximum-likelihood tree was created using the general time reversal model, six substitution rate categories and five random starting trees (Guindon & Gascuel, 2003) . Tree reliability was evaluated using the approximate likelihood ratio test (aLRT) (Anisimova & Gascuel, 2006) (Fig. 1) . Asterisks indicate nodes that were also recovered from either a Maximum Parsimony or Neighbor Joining phylogenetic analyses, or both, implemented in MEGA 4.0.2. A high degree of concordance was observed between the three tree structures within the Thermoactinomycetaceae. The data show that the three isolates form a well-supported clade within the Thermoactinomycetaceae that is distinct from all other genera within the family. Furthermore, the divergence value of 5.4 % from the nearest genera, as well as the branching structure, support the classification of these isolates in a new genus within the family (Fig. 1 ).
To examine the three novel isolates further, the partial sequence of the 23S rRNA gene was obtained. Amplification was performed using previously described methods (Wolfgang et al., 2011) and the amplicons were sequenced with primers 2241R, 1602F, 1602R (Ludwig et al., 1994 ), 1930F and 1930R (Hunt et al., 2006 . The 23S rRNA partial gene sequences (1048 nt) of the novel isolates were 100 % identical and each contained two identical polymorphisms at conserved locations (nucleotides 338 and 938). Therefore, the 23S rRNA gene sequence analysis further supports the conclusion that the three isolates are members of a single, novel species.
The G+C content of DNA was determined by HPLC (Mesbah et al., 1989 ) using further specifications given by Logan et al. (2000) . Strain 23436 T showed a DNA G+C content of 37.8 mol%, whereas the values for strains 6076 and 1335 were 38.0 and 38.4 mol%, respectively. These data are consistent with the allocation of these three strains in a new genus within the Thermoactinomycetaceae, as the DNA G+C content was clearly different from those of the closest related genera Laceyella, Thermoactinomyces and Thermoflavimicrobium, showing DNA G+C contents of 48-49, 48 and 43 mol%, respectively (Yoon et al., 2005) .
Phylogenetic analysis revealed that our isolates resided in a clade within the Thermoactinomycetaceae that harboured three additional genera. From these genera, we selected the following strains for direct comparison to our isolates. Representatives of all taxa in Laceyella were selected because the genus was most closely related (94.0-94.6 % similarity) to the novel strains. For the remaining genera, the type strain of the type species of each, Thermoactinomyces vulgaris DSM 43016 T (94.23 % similarity) (Tsilinsky, 1899) , Thermoflavimicrobium dichotomicum DSM 44778 T (92.83 % similarity) (Yoon et al., 2005) and Seinonella peptonophila DSM 44666 T (92.46 % similarity) (Yoon et al., 2005) , were selected.
Initially, all strains were grown aerobically on TSA with 5 % sheep blood and on the recommended DSM medium for that strain (detailed below) at 37, 42 and 55 u C. Optimal growth, under these conditions, was determined by colony size at 48 h for each strain: , 37 u C on TSA with 5 % sheep blood. The novel isolates were grown at 37 u C on DSM media 65, 84, 214, 248, 830 and 978 and TSA with 5 % sheep blood. Growth did not occur on DSM medium 84. The colony and cell morphology of the novel isolates remained consistent on all media that supported growth. The colonies were circular, flat, wrinkled, pitted, dry and grey with a well-formed substrate mycelium. For use in biochemical studies (Forbes et al., 1998) , the strains were grown aerobically on TSA supplemented with 5 % sheep blood at the temperatures indicated above. However, Thermoflavimicrobium dichotomicum DSM 44778 T would not grow on TSA with 5 % sheep blood in our hands, and was grown at 42 u C on DSM medium 214 for biochemical studies.
To determine the range and optimal temperature for growth, each novel strain was seeded into TSB with a standardized inoculum, and incubated at 10, 22, 28, 37, 42, 45 and 55 u C. Turbidity was monitored at days 1, 3, 7, 14 and 21. For the novel isolates, optimal growth occurred at 42-45 uC.
Phenotypic characteristics that most easily allowed differentiation between the novel strains and other nearby members of the family Thermoactinomycetaceae are presented in Table 2 . The absence of acid production from all carbohydrates, even from D-glucose, and glycerol (Gordon, 1973) distinguishes the novel isolates from each of the most closely related species. The absence of urease activity distinguishes strains of Hazenella gen. nov. from Thermoflavimicrobium dichotomicum, Thermoactinomyces vulgaris and the four Laceyella species. The novel isolates, S. peptonophila and Thermoflavimicrobium dichotomicum grew at 28 u C, but not at 55 u C, whereas the four Laceyella species and Thermoactinomyces vulgaris grew at 55 u C, but not at 28 u C. Finally, the isolates of Hazenella gen. nov. were unique in their ability to tolerate NaCl up to concentrations of 6.5 %.
For CFA analysis, cells were harvested in the lateexponential growth phase from TSB after 24 h of growth in air at 37 u C (novel isolates and Seinonella), 42 u C (Thermoflavimicrobium) or 55 u C (Laceyella and Thermoactinomyces). Fatty acid methyl esters were extracted and identified according to the manufacturer's instructions using the Sherlock Microbial Identification System version 4.5 with the ACTIN 1 library method. The predominant fatty acids in the three novel strains included iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 13 : 0 (Table 3) . The proportions of iso-C 15 : 0 and anteiso-C 15 : 0 were similar in the novel strains and the four type strains of species within the genus Laceyella. However, the type strains of Laceyella species contained less iso-C 13 : 0 than the novel strains. Both summed feature 2 (C 14 : 0 3-OH and/or iso-C 16 : 1 I) and summed feature 5 (C 18 : 2 v6,9c and/or anteiso-C 18 : 0 ) were present in the novel strains but absent from the other members of the Thermoactinomycetaceae examined in the study. CFAs in the type strains of Thermoflavimicrobium dichotomicum, Thermoactinomyces vulgaris and S. peptonophila varied substantially from those present in the novel strains and the type strains of Laceyella species (Table 3) .
For cell-wall analysis, whole cells were hydrolysed (4 M HCl, 100 u C, 16 h) and the hydrolysates were subjected to TLC on cellulose plates (Schumann, 2011) . The whole-cell hydrolysate of all three strains contained meso-diaminopimelic acid (meso-DAP) as the diagnostic diamino acid. The occurrence of meso-DAP has been reported to date only for peptidoglycan type A1c and for three variations of peptidoglycan type A4c (A31.1, A31.2 and A31.3; see http://www.peptidoglycan-types.info). The variations of Table 2 . Characteristics useful for the differentiation of Hazenella coriacea gen. nov., sp. nov. from the most closely related members of the Thermoactinomycetaceae Taxa: 1, Hazenella coriacea; 2, L. tengchongensis; 3, L. sacchari; 4, L. sediminis; 5, L. putida; 6, S. peptonophila; 7, Thermoflavimicrobium dichotomicum; 8, Thermoactinomyces vulgaris. NG, No growth. peptidoglycan type A4c based on meso-DAP have been found so far exclusively in members of the genera Brachybacterium, Devriesea and Dermabacter (family Dermabacteraceae). As a close relationship of the novel strains to the family Dermabacteraceae can be excluded, they show peptidoglycan type A1c (A31, according to http://www.peptidoglycan-types.info).
Isoprenoid quinones were extracted from cells cultivated in brain heart infusion at 37 uC for 1 day according to the method of Collins et al. (1977) and analysed by HPLC (Shimadzu LC 20A) as described by Groth et al. (1997) .
The following menaquinone profiles were found (ratios of peak areas in parentheses): strain 6076, MK-7, MK-8 and MK-6 (89 : 6 : 2); strain 1335, MK-7, MK-8 and MK-6 (91 : 4 : 2); strain 23436 T , MK-7, MK-8 and MK-6 (91 : 5 : 3). The occurrence of the major menaquinone MK-7 differentiates the three strains from members of the related genus Laceyella, which contains the predominant menaquinone MK-9 (Yoon et al., 2005) . However, major menaquinones in members of the family Thermoactinomycetaceae are known to contain either seven or nine isoprene units, so the predominance of MK-7 in the novel isolates is consistent with the inclusion of our novel isolates in the family (Yoon et al., 2005) . Polar lipids were extracted from cells of strain 23436 T according to the method described by Minnikin et al. (1979) and separated by two-dimensional TLC. Chloroform/methanol/water (65 : 25 : 4, by vol.) was used in the first direction, followed by chloroform/acetic acid/ methanol/water (80 : 15 : 12 : 4, by vol.) in the second direction. To identify spots, the standard substances phosphatidylethanolamine and phosphatidylinositol (both from Sigma) were added to the lipid extract for cochromatography and the specific spray reagents ninhydrin (aminolipids) and molybdenum blue (phospholipids) were used, while total lipids were visualized by spraying with molybdophosphoric acid (Embley & Wait, 1994) . The major polar lipids were phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, four unknown phospholipids, four unknown aminophospholipids and an unknown lipid (Fig. S1 , available in IJSEM Online).
Characteristics that support the inclusion of our strains within the family Thermoactinomycetaceae are: (i) Gramstaining-positive rods, (ii) formation of substrate mycelium, (iii) formation of endospores, (iv) aerobic metabolism, (v) phylogenetic analysis based on 16S rRNA gene sequence analysis, (vi) meso-DAP as the diagnostic diamino acid and (vii) major menaquinone with seven isoprene units (Yoon et al., 2005) .
Characteristics that support exclusion from neighbouring genera are as follows. (i) The novel strains do not produce acid from adonitol, L-arabinose, cellobiose, D-fructose, D- T forms abundant yellow aerial mycelium and does not grow in the presence of 2 % NaCl. (iv) Thermoactinomyces vulgaris DSM 43016 T forms white aerial mycelium, grows at 55 u C and contains significant amounts of iso-C 17 : 0 . (v) Laceyella species form white aerial mycelium, grow at 55 u C and contain MK-9 as the predominant menaquinone. Additional information is provided in Tables 2 and 3. Based on 16S rRNA gene sequence comparisons, DNA G+C content, CFA composition, peptidoglycan type, polar lipid content and phenotypic and phylogenetic analyses, we propose that the three novel strains belong to a single species within a new genus, for which the name Hazenella coriacea gen. nov., sp. nov. is proposed.
Description of Hazenella gen. nov.
Hazenella (Haz.en.el9la. N.L. fem. n. Hazenella named to honour Dr Elizabeth Hazen, a New York State Department of Health microbiologist, for her work on actinomycete bacteria that led to the development of the first anti-fungal drug, nystatin).
Cells are thin, branching, Gram-staining-positive, nonmotile, spore-forming rods. Single spores are attached to sporophores (Fig. S2) . The colony margins are filamentous and a dense substrate mycelium is formed when grown at 37 u C on TSA with 5 % sheep blood. Soluble pigment is not produced. The peptidoglycan diamino acid is meso-DAP. MK-7 is the predominant menaquinone. Major CFAs include iso-C 15 : 0 and anteiso-C 15 : 0 . The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol, as well as unknown phospholipids and aminophospholipids. The type species is Hazenella coriacea.
Description of Hazenella coriacea sp. nov.
Hazenella coriacea (co.ri.a.ce9a. L. n. corium leather; L. suff. -aceus looking like, resembling; N.L. fem. adj. coriacea resembling leather).
Growth on sheep blood agar occurs between 22 and 45 u C with an optimum temperature of 42-45 u C. NaCl is tolerated at concentrations ¡6.5 % in TSB. Colonies are flat, pitted and grey with a mean diameter of 1.85 mm on blood agar after 24 h at 42 u C. b-Haemolysis is evident by 48 h. Positive for oxidase, catalase, gelatin liquefaction, casein hydrolysis and DNase. Negative for acid production from adonitol, L-arabinose, cellobiose, D-fructose, Dgalactose, D-glucose, glycerol, inositol, lactose, maltose, Dmannitol, D-mannose, melibiose, raffinose, D-rhamnose, D-salicin, D-sorbitol, sucrose, trehalose and D-xylose. API ZYM (bioMérieux) reactions are negative (rated 0) for alkaline phosphatase, lipase C14, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, a-mannosidase and a-fucosidase. Intermediate reactions (rated 1 or 2) are present for esterase C4, esterase lipase C8 and N-acetyl-b-glucosaminidase. Negative for urease, utilization of Simmons' citrate, nitrate reduction, H 2 S production, utilization of acetate, decarboxylation of arginine, lysine and ornithine using Moeller's decarboxylase medium, lysozyme resistance, indole production, arylsulfatase production and aesculin hydrolysis. Negative for hydrolysis of xanthine, hypoxanthine, tyrosine and starch. None of the above characteristics varies among the three known strains.
The type strain, 23436
T (5DSM 45707 T 5LMG 27204 T ), was isolated from human blood in New York State, USA. The DNA G+C content of the type strain is 37.8 mol%.
